The potential mutagenic/carcinogenic action of waste anaesthetic gases and antineoplastic drugs in occupationally exposed human populations has been previously reported in several studies [1] [2] [3] . Antineoplastic agents discovered in the first two decades of cancer therapy (1950 to 1970) largely interact with DNA or precursors, inhibiting the synthesis of DNA or causing irreparable damage to DNA itself 4) . Considering the mechanisms of the antineoplastic drugs that are used, it is not surprising that many persons involved in health care, especially nurses, are worried about the health effects of these drugs.
Experimental and epidemiological studies suggest that genotoxic effects can arise from inhalation anaesthetics. Due to their widespread use in operating rooms, there is a great concern that operating room personnel as well as patients might be at health risk from anaesthetics 5) . The aim of the present study was to assess the possible genotoxic risk, by the alkaline comet assay, in the peripheral blood lymphocytes of nurses who are handling antineoplastic drugs or are exposed to waste anaesthetic gases.
Materials and Methods

Samples
The study was approved by our local ethics committee and written informed consent was obtained from the subjects after the aim of the study was fully explained.
Fifty-five blood donors, 19 healthy unexposed office workers, 17 nurses who were exposed to waste anaesthetic gases and 19 nurses who were handling antineoplastic drugs participated in the study. We used our previous control data 6) of 16 subjects and included 3 new healthy age and sex matched controls in the present study. The nurses had been exposed to waste anaesthetic gases or antineoplastic drugs for at least 3 mo without interruption (excluding weekends) and were currently employed under similar working conditions for at least 7 yr with similar lifestyles in oncology and anaesthesia departments of different hospitals in the city of Ankara, Turkey.
All the operating rooms had active waste gas scavenging systems. The most commonly used anaesthetics were nitrous oxide, isoflurane, sevoflurane and desflurane. Antineoplastic drug handlers were using gloves and masks during the preparation of the drugs under a vertical flow safety cabinet for the last two years. Cyclophosphamide, cisplatin, 5 fluorouracil, etoposide, vinblastine, vincristine, bleomycine and doxorubicin were the most commonly used antineoplastic drugs in the oncology department. The blood samples from the nurses were taken on Friday's.
Comet assay
The standard protocol for the alkaline comet assay was followed for the lymphocytes of the subjects with minor modifications 7) . Slide scoring One hundred cells were analyzed using double slides per subject at 400× magnification, under a fluorescence microscope (Zeiss, Germany). In this study each of 100 cells was assigned into 3 categories, NM (no migration), LM (low migration) and HM (high migration), depending on the fraction of DNA pulled out into the tail under the influence of the electric field. The total comet score (TCS) per subject was calculated as; 0×NM (number of comets in category NM) + 1×LM (number of comets in category LM) + 2×HM (number of comets in category HM) as described by Collins 8) . The overall score for each slide was therefore between 0 (undamaged), and 200 (maximal damage). Analysis was performed blind by one slide reader without knowledge of the subjects in order to minimize variability due to subjective scorings.
Statistical analysis
The data were analyzed using the SPSS 16.0 program for Windows. The differences among groups were evaluated by ANOVA with post-hoc Tukey test. The Chisquare test was used for categorical comparisons. Variables were compared by using the Bonferronicorrected Mann Whitney U test within the groups. Correlation analysis was performed by using Pearson's or Spearman's correlation test. p<0.05 was considered statistically significant.
Results
There were no significant differences in individual factors among the three groups (p>0.05) ( Table 1) . Statistically significant differences were detected between the control and exposed groups in terms of mean TCS (p<0.001) ( Table 2 ). However, there were no statistically significant differences between the anaesthesia nurses and the nurses handling antineoplastic drugs (p>0.05). There were no statistically significant correlations between DNA damage and years of employment in both exposed groups. Comet photographs representing no, low and high migration from an occupationally exposed subject are presented in Fig. 1 .
Discussion
In accordance with the most of the studies performed with the comet assay, our findings suggest that occupational exposures to antineoplastic drugs may induce DNA damage in nurses. Laffon et al. observed an increase in both the comet assay and the micronucleus (MN) test in nurses handling antineoplastic drugs, although statistical significance was only seen in the comet assay 9) . In agreement with these results, Maluf & Erdtmann found no statistical significance between nurses handling antineoplastic drugs and controls in terms of MN, whereas the DNA damage detected by the comet assay was significantly higher in the exposed group 10) . Recently, Sasaki et al. reported increased levels of DNA damage as detected by the comet assay in Japanese nurses handling antineoplastic drugs 11) . Previous studies in Turkish nurses handling antineoplastic drugs reported potential risk [12] [13] [14] . In the present study, antineoplastic drug handlers were using gloves and masks during the preparation of the drugs under a vertical flow safety cabinet for the last two years. This period might be too short for a total recovery in DNA damage which is also affected by endogenous (e.g. genetic factors) and exogenous (e.g. antioxidant pool) factors. In 1991, we observed a significantly increased frequency of sister chromatid exchange (SCE) in 23 oncology nurses as compared to a group of unexposed controls 13) . Although the exposure levels were not evaluated, the present study demonstrates that the nurses handling antineoplastic drugs are still at occupational health risk.
Epidemiological studies have presented a controversial picture about the occupational health risk of anaesthetics. Rozgaj et al. noted significantly increased frequencies of chromosomal aberrations (CAs) and MN while increased SCE frequency was not significant in personnel exposed to anaesthetic gases 15) . Wiesner et al. found a higher MN level in anaesthesiologists and nurses exposed to high levels of halothane and isoflurane compared with a control group 1) . Chandrasekhar et al. reported a statistically significant increase in DNA damage as shown by CA, MN and the comet assay in operating room personnel exposed to anaesthetic gases 16) . Although we couldn't evaluate the exposure levels to anaesthetic gases, our study points to an increase in DNA damage in anaesthesia nurses working in operating rooms with artificial ventilation and active scavenging systems.
Using the comet assay, we previously demonstrated an elevated grade of DNA damage in operating room personnel exposed to waste anaesthetic gases in Ankara in 1998 17) . Recently, we examined the genoprotective role of Vit E and Vit C supplementation in technical anaesthesiology staff working in operating theatres and found significantly higher levels of genotoxic damage before antioxidant treatment 6) . In our previous study, none of the operating theatres had active waste gas scavenging systems and the DNA breakage observed in the lymphocytes of the anaesthesiology staff was higher than that of the nurses in the present study. Although the working conditions were better in this study, significant differences were detected between the control and the anaesthesia nurses in terms of their mean total comet scores. Contamination of operating theaters with anaesthetic gases is inevitable due to the probability of leaks from anaesthesia systems, release of gases through expiration by patients, or in pediatric patients, anaesthesia induction with masks, open anaesthesia circuits, and the use of endotracheal tubes without cuffs. Even in operating theaters with proper ventilation and active waste gas scavenging systems, the exposure levels recommended by NIOSH may not be achieved 18) . Our study as well as the majority of previously published human biomonitoring studies failed to show an effect of smoking on DNA migration in the comet assay, while some studies indicate such an effect 19) . Various explanations for the reported discrepancies have been proposed, including the power of the statistical analysis and also seasonal and regional differences. It is suggested that the major problems are the types of the damage detected by the alkaline comet assay which are DNA strand breaks, alkali-labile sites and incomplete excision repair sites. However, smoking is known to induce DNA adducts that do not have a strong effect on comet assay parameters 20) . Considering the factors discussed above, nonsignificant comet results between smokers and nonsmokers in our study can mainly be explained by the small sample size, low statistical power, and the cigarette consumption of smokers (none of them were heavy smokers, ≤20 cigarettes/day).
In conclusion, this study points to the potential risk of DNA damage in nurses who are handling antineoplastic drugs or are exposed to waste anaesthetic gases. Although more research is needed to clarify the genotoxic risk due to these occupational hazards, it is clear that further minimizing the exposure is needed in the studied hospitals. Precautions will help to reduce the health risks of occupationally exposed personnel in the hospitals. Further study should include a better design using a larger exposure group with measurement of the concentrations of the hazardous agents.
